Attempts were made to elucidate sublethal responses of Japanese eel Anguilla japonica exposed to feed to which BHT had been added. The Japanese eel were administered BHT sublethal levels such as 0.02-1.6% BHT in their diet for 12 weeks. The symptoms of liver enlargement were commonly found in the fish group fed diet with BHT. However, this symptom would be alleviated when the fish were switched to the BHT-free diet. The pathological symptoms in hepatocyte induced by BHT were observed under microscope. The lesions indicated that the enlarged hepatocytes had hyperplasia, eosinophilia and, megalocytic hepatosis. The excretion of 14C-BHT in Japanese eel administered orally was also examined. The radioactivity was quickly distributed in the tissues at the beginning. The radioactivity was high in the bile of fish. 14C-BHT in the bile of fish increased with time, reached a maximum level at the 3rd day, and then decreased gradually.
As previously described,1) butylated hydroxytoluene (BHT) has been widely used as an antioxidant for fish meal and feed in Taiwan.
Judging from the ecotoxicological viewpoint, enlargement of the hepatopancreas was reported in common carp when they were fed a diet with supplemental BHT. The enlarged hepatopancreas had outstanding pathological symptoms of heavy steatosis, eosinophilia, and megalocytic hepatosis.1) Further, the level of BHT in common carp and rainbow trout was found to be high in the gall bladder and adipose tissue. 2) In Taiwan, Japanese eel Anguilla japonica is a popular species of aquaculture and its artificial feed is mainly made from fish meal. The Japanese eel belongs to a species of high lipid content. To compare with common carp, the responses of Japanese eel to BHT are studied after oral administration of BHT through feed. Further, the physiological disposition of BHT in Japanese eel was also studied by using a labelled compound, 14C-BHT.
Materials and Methods
Five hundred specimens of Japanese eel were obtained from Fwu Sow Marine Products Co. LTD., R. O. C. The fish were acclimated in several Southern Products Ltd., England).
The sections were stained with hematoxylin for 5 min and 0.5% eosin for 3 min before mounting in euparal for microscopy. The fish fed 0.2 and 1.6% BHT for 12 weeks and then switched to BHT-free diet for 2 weeks were also examined. by a liquid scintillation counter (Beckman LS 1800, USA).
Results
The effect of BHT on the growth of Japanese eel for 12 weeks is shown in Table 2 . After feeding for 12 weeks, the growth rate was not significantly different among all fish groups (p>0.05). However, a lowered growth rate was observed to be significant in the fish fed diet with supplement of 0.8% BHT from 4th to 6th week and 1.6% BHT from the 4th to 8th week (p<0.05). It was also found that the average growth rate of fish in 0.8 and 1.6% BHT groups was lower than that in the control group. At the 12th week, the body weight of fish fed diet with supplement of 1.6% BHT was about 81.3% of that of fish in 0.2% BHT group. Effect of BHT on the ratio of liver weight to body weight (hepatosomatic index) in Japanese eel is shown in Table 3 . After feeding for 2 weeks, fish liver was larger in 1 .6% BHT group than that in the control group . After feeding for 12 weeks, this phenomena was observed to be more significant in 0.2, 0.8, and 1 .6% BHT than in the control group. After 12 weeks , the average increase in liver weight in all groups fed diet with supplement of BHT was about 38 .3 % that of the control group. As mentioned above , the livers in Japanese eel fed diet with a supplement of BHT was outstandingly enlarged. In order to know how to recover from the pathological symptoms in the liver, the fish fed diet with supplement of 0.2 and 1.6% BHT groups for 12 weeks were switched to BHT-free diets for 2 weeks. The enlarged livers were found to recover easily to normal weight (Table 4) .
Tissues of the liver of Japanese eel in control group, 0.2% BHT group, 1.6% BHT group, and recovering groups after feeding 0.2 and 1.6% BHT, were examined under a microscope. In the normal liver, cells of Japanese eel were seen to be tightly arranged and nuclei were clearly observed as shown in Fig. 1 . Figure 2 shows pathological symptoms in the liver of fish fed diet with supplement of 0.2% BHT for 12 weeks. The lesion of hyperplasia in hepatocytes appeared. Figure 3 shows a pathological symptom in the liver of fish fed a diet with a supplement of 1.6% BHT for 12 weeks. Numerous lesions of hyperplasia, necrosis, and pycnosis in hepatocytes were seen and lipofuscin-like granules were accumulated in the hepatocytes. Large lipid droplets with a foamy material or granular texture of eosinophilic substances occupied the cytoplasm (representing the so-called "motheaten cytoplasm").
2)
The nuclei seemed to be markedly enlarged and were not clearly stained. Figures 4 and 5 show the enlarged hepatocytes in 0.2 and 1.6% BHT groups to be recovering to normal when the fish were fed a diet without a supplement of BHT. Figures 4 and 5 show that the lesion of hyperplasia disappeared, and the nuclei were clearly seen in the hepatocytes . In Fig. 5 , a slight increase of lipid accumulation and deposition of lipofuscin-like granules in hepatocytes were also observed.
The excretion of radioactivity in the tissues of fish fed a diet supplemented with 14C-BHT is shown in Table 5 . The radioactivity was quickly distributed in the tissues of the fish at the beginning, and mainly distributed in the stomach , bile, spleen, and pancreas . In the bile, the radioactivity increased with time , reached a maximum level at 3-day and then decreased gradually .
In the stomach, the radioactivity was still at a high level until 6h. In the spleen , the radioactivity was kept at a stable level during 21 days .
In the pancreas, the radioactivity was increasing with time and reached a maximum level at 1-day and then decreased gradually . Examinations of liver lesions under a light microscope showed that the pathological sympt oms induced by BHT in liver of Japanese eel included heavy steatosis, eosinophilia and megalocytic hepatosis, etc. These patterns are identical to those well known to occur in the liver neoplasms impaired by considerable anthropogenic input of various hepatotoxin, carcinogenic and/or carcinogenic promoters. [9] [10] [11] [12] [13] [14] [15] [16] The time-course observation of the uptake and elimination of BHT showed that BHT was rapidly absorbed into the fish body through the digestive tract, distributed to various tissues by blood, taken to the liver, and then carried away to the alimentary tract with bile. The uptake pathway of BHT in Japanese eel was similar to those of nonylphenol ethoxylated, sodium linear alkylbenzene sulfonate and sodium alkylsulfate in fish. 17, 18) 
